The first-principles calculation was performed to study the hydrogen bond in camphorsulfonic (CSA) acid-doped polyaniline system. The density functional theory (DFT) method was used to calculate the ground-state geometric structure optimization.
Introduction
The solute solvent interactions play an important role in molecular nonequilibrium process and have been a key point of solution chemistry. [1] [2] [3] [4] [5] Intermolecular hydrogen bonding, as the interaction between hydrogen donor and acceptor molecules, is an important type of site-specific solute-solvent interaction. 6, 7 Furthermore, the hydrogen bonding interaction also makes a contribution to the understanding of microscopic structure and function in many molecular systems. 8, 9 In the last few years, as scientists have recognized the importance of hydrogen bonding in the physics, chemistry and biology fields, they used a variety of experimental and theoretical methods to investigate the hydrogen bond (H-band) between molecules.
Thus, the hydrogen bonding has been studied extensively which has a effect on the structures, electronic properties and dynamics of many important molecular systems. [10] [11] [12] Based on the preceding research for electronic ground-state properties of intermolecular hydrogen bonding, the investigation of H-band in the electronically excited states should be carried out significantly.
The charge distribution of H-band will be changed in the different electronic excited states by photoexcitation. The changing process is known as the electronic excited-state hydrogen bonding dynamics, and it always occurs on ultrafast time scales mainly set by vibrational motions of hydrogen donor and acceptor groups. 13, 14 The phenomenon that electronic spectral shifts are significantly associated with electronic excited-state hydrogen-bonding dynamics has been described clearly by Zhao and Han. 14, 15 The relationship between the hydrogen-bonding dynamics and electronic spectra is that hydrogen bond strengthening will make the relative electronic spectra shift to red. Conversely, hydrogen bond weakening can cause the electronic spectra blueshift (shown as Fig. 1 ). In recent years, more and more attentions have been paid to the hydrogen-bonding dynamics for the reason that significant strengthening or weakening of hydrogen bond in the electronically excited states is tightly associated with many photochemical, photophysical and photobiological phenomena such as fluorescence quenching and photo-induced electron transfer. [16] [17] [18] [19] Polyaniline (PANi) with unique conducting and optical property remains one of the most intensely studied conjugated polymers. 20, 21 Despite its long history, the interest shown in PANi has continued to increase in recent years. 22 This is partly due to its high chemical and environmental stability, the simple and cheap preparation process, and amazing electrical conductivity shown by its salt. The early studies of Based on the above, in this paper, the ground-state geometric structures of hydrogen-bonded complexes were optimized. Furthermore, the electronic excitation energies and the corresponding oscillation strengths of the configurations in their low-lying electronically excited states were calculated. In addition, the electron density transition and the frontier molecular orbitals (MOs) were also analyzed.
Model and Method
Because the complexes of PANi and CSA contain too many atoms to be modeled by DFT method effectively, we have to choose a series of smaller molecule models to represent the most important functional groups and interactions presented in the PANi and CSA structure. And the selected model compounds have been proven to be reasonable by Joel. 23 The Ph 2 NH (DPA) and ( All the electronic structure calculations were carried out using the Gaussian 09
program suite. The ground-state geometric optimization of the isolated DPA, ICPA and DMSO monomers as well as the hydrogen-bonded DPA-DMSO and ICPA-DMSO complexes considered here were carried out using DFT with the B3LYP hybrid functional. The electronic transition energies and corresponding oscillation strengths of all the hydrogen-bonded complexes in their low-lying electronically excited states were calculated using TDDFT with the B3LYP hybrid functional method. The 6-31G+(d, p) was chosen as basis set throughout the whole process.
Results and Discussion

Equilibrium geometries of the ground state
As we know, the H-bond is the bond between electron-deficient hydrogen and a region of high electron density. The most common H-bond is the X-H…Y type, where relative stronger hydrogen-bond interaction. There is an obvious phenomenon that the bond lengths of H11-N1 and S1-O1 in the complexes are all elongated simultaneously, and the stronger hydrogen-bond interaction causes much more obvious stretch. In other words, when the atoms are involved in the formation of the hydrogen bond the bands connected by these atoms will be elongated.
Nature of low-lying excited states
It is necessary to understand the nature of the low-lying electronically excited states before the discussion of excited states for DPA/ICPA monomers and their hydrogen-bonded complexes. We calculated the electronic excitation energies and the oscillation strengths of the DPA-DMSO, ICPA-DMSO hydrogen-bonded complexes as well as the isolated DPA, ICPA monomers using the TDDFT method. The results are collected in Table 2 . The oscillator strength is a dimensionless quantity to express the strength of the transition. The S2 state of the hydrogen-bonded DPA-DMSO complex possesses the largest oscillator strength. As a result, the DPA-DMSO complex will be photoexcited to the S2 state directly. It is obvious that the S1-S8 states electronic excitation energies of the DPA-DMSO complex are lower compared with the correspond states of the DPA monomer. We can draw the conclusion that the intermolecular hydrogen bonding S1=O1···H11-N1 is strengthened for the S1-S8 states of the DPA-DMSO complex and can induce a redshift. In ICPA-DMSO complex, all the electronic excitation energies of the calculated excited states except for the S1-S3 states are under those of the ICPA monomer, therefore, the hydrogen bond S1=O1···H11-N1 in the ICPA-DMSO complex is strengthened for the S4-S8 states and will bring a redshift. On the contrary, the electronic spectra of the S1-S3 states are shifted towards blue due to the weakened hydrogen bond. Furthermore, the ICPA-DMSO hydrogen complex maybe primarily excited to the S3 state on account of its largest oscillator strength.
Infrared spectra and vibration model
The infrared spectra and vibration model of the isolated DPA, ICPA monomers as well as the hydrogen-bonded DPA-DMSO, ICPA-DMSO complexes are calculated as shown in Fig. 4 . The study is focused on the spectra and vibration of N-H bands in the monomers and the complexes. From Fig. 4(a) , it's easy to see that the presence of N-H absorption peak at 3635 cm -1 in DPA monomer shifts to 3475cm -1 in DPA-DMSO complex, and the intensity of the vibration is enhanced in the complex.
From Fig. 4(b) , we can draw the quite similar conclusion that the N-H absorption peak of ICPA-DMSO complex is also enhanced and shifts to 2895cm 
Frontier Molecular Orbitals (MOs)
The analysis of MOs will contribute to further understanding for the nature of the excited states. As mentioned before, our discussion has been focused on the S2 state 
Conclusions
In conclusion, there were two possible hydrogen bond interactions between DPA/ICPA and DMSO monomers, and the geometric structures were affected by the formation of hydrogen bond, especially the H11-N1 and S1-O1 bonds involved in forming the hydrogen bond, and the stronger hydrogen-bond interaction caused the more obvious band stretch. According to the result of comparing oscillator strength, the DPA-DMSO and ICPA-DMSO complexes were excited to S2 and S3 states respectively. The hydrogen-bond interaction brought the significant redshift of N-H band in the complexes, and the vibration models were also affected by hydrogen-bond formation, especially the N-H band. The S2 state of DPA-DMSO was due to a distinct π-π ＊ feature, meanwhile there was obvious intramolecular electron density transfer in ICPA-DMSO during the orbital transition from HOMO to LUMO, and the hydrogen bonds were strongly influenced by the charge redistribution which was involved in the orbital transition. Moreover, we noted the phenomenon that only the DPA and ICPA molecules were excited in these states, and the DMSO was stayed in its ground state. 
